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Abstract —  The  coffee  berry  borer,  Hypothenemus  hampei  (Ferrari,  1867)  (Coleoptera:  Curculionidae: 
Scolytinae)  presents  a  cryptic  life  cycle,  which  occurs  all  within  the  fruit,  which  makes  its  control  a  difficult  task. 

For  this  reason,  one  of  the  methods  that  has  stood  out  is  the  biological  control  through  the  entomopathogenic 
fungus  Beauveria  bassiana  (Balsamo)  (Hypocreales:  Cordycipitaceae).  However,  the  efficiency  of  this  fungus  is 
conditioned  to  environmental  factors,  such  as  ultraviolet  radiation,  temperature,  humidity,  concentration, 
correct  application,  among  others.  Therefore,  the  objective  of  the  present  study  is  to  evaluate  the  mortality  of 
coffee  berry  borer,  pre  and  post  application  of  the  entomopathogenic  fungus  Beauveria  bassiana  associated  with 
emulsifiers  under  field  conditions.  The  experiments  were  conducted  in  three  farms  in  different  locations.  The 
fungus  isolate  used  was  the  PL63,  and  emulsifiers  (Gum  arabic  and  XI)  evaluated  were  gum  arabic  and  XI 
(product  subject  to  patent).  Two  modes  of  application  were  performed:  pre  and  post  the  coffee  berry  borer 
release.  In  the  pre-application,  the  fungi  were  mixed  in  with  the  emulsifiers  and  the  pure,  and  after  thirty 
minutes,  the  coffee  berry  borer  was  released.  In  the  post-application,  it  released  the  insects,  and  after  24  hours, 
the  fungus  was  applied  with  the  emulsifiers  and  pure.  All  treatments  tested  showed  coffee  berry  borer  mortality; 
the  emulsifying  agents  (Gum  and  XI )  in  admixture  with  the  fungus  B.  bassiana,  did  not  increase  the  mortality  of 
coffee  berry  borer;  the  application  of  the  fungus  B.  bassiana  before  the  entry  of  the  drill  into  the  coffee  fruit, 
resulted  in  higher  mortality. 

Keywords —  Biological  control,  Environmental  factors,  Microbial  control,  Protection. 


I.  INTRODUCTION 

The  coffee  berry  borer,  Hypothenemus  hampei  (Ferrari, 
1867)  (Coleoptera:  Curculionide:  Scolytinae)  is  the  most 
important  coffee  pest  in  the  world  (Infante  et  al.,  2012).  In 
Brazil,  the  losses  exceed  $  300  million  (Oliveira  et  al., 
2013).  Due  to  its  cryptic  life  cycle,  which  occurs  all  within 
the  fruit,  the  control  becomes  a  difficult  task  (Damon, 
2000;  Vega  et  al.,  2015). 

Therefore,  one  of  the  control  methods  that  has  stood  out 
is  the  biological  through  entomopathogenic  fungus 
Beauveria  bassiana  (Bals.)  (Hypocreales: 
Cordycipitaceae),  which  infects  the  coffee  berry  borer  all 
around  the  world  (Monzon  et  al.,  2008;  Vega  et  al.,  2009; 


Wraight  et  al.,  2018).  This  entomopathogen,  naturally 
occurring,  with  insect  infection  levels  ranging  from  1  to 
70%  in  several  coffee  producing  countries  like  the  Brazil 
(Costa  et  al.,  2002),  Colombia  (Posada-Florez  et  al.,  2008), 
Nicaragua  (Monzon  et  al.,  2008),  Puerto  Rico  (Gallardo- 
Covas  et  al.,  2010)  and  Cameroon  (Mbang  et  al.,  2012).  In 
most  cases,  the  mortalities  were  attributed  to  highly 
favorable  environmental  conditions  (during  rainy  seasons 
or  extended  periods  of  high  humidity).  The  most  favorable 
environmental  conditions  for  fungus  Beauveria  bassiana 
activity  in  general  are  moderate  temperature,  high  humidity 
and  low  sunstroke  (Zimmermann,  2007;  Jaronski,  2010; 
Wraight  et  al.,  2018). 
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In  spite  of  this  microbial  agent  play  an  important  role  in 
the  control  of  H.  hampei,  its  efficiency  is  conditioned  to 
environmental  factors,  like  ultraviolet  radiation, 
temperature,  moisture,  altitude,  product  concentration, 
correct  application,  among  others  (Vega  et  al.,  2015; 
Aristizabal  et  al.,  2016).  The  ultraviolet  radiation  and  high 
temperatures  reduce  field  conidia  viability,  because  this 
affects  its  metabolism,  changing  enzyme  production 
processes,  toxins,  spore  germination,  germ  tube 
development,  penetration,  colonization  and  reproduction 
(Alves  &  Lecuona,  1998;  Rodrigues  et  al.,  2016).  Besides 
that,  the  fungus  loses  its  ability  to  infect  when  subjected  to 
direct  sunlight  for  three  hours  (Alves  &  Lecuona,  1998; 
Rodrigues  et  al.,  2016).  Which  makes  these  factors,  the 
main  obstacles  to  successful  use  of  entomopathogenic 
fungi  in  agriculture  (Rangel  et  al.,  2008;  Castrillo  et  al., 
2010;  Rodrigues  et  al.,  2016). 

In  this  context,  the  use  of  agents  that  may  act  as  fungal 
protectors  against  adverse  environmental  conditions 
emerges  as  a  possible  alternative.  Among  these,  the 
emulsifiers  have  received  attention,  which  are  very 
important  additives  in  the  food  industries,  and  have 
excelled  in  encapsulation  techniques,  in  order  to  increase 
the  viability  of  microorganisms  (Yanez -Fernandez  et  al., 
2008).  Some  emulsifiers  have  been  tested  in  admixture 
with  the  Beauveria  basssina  fungus.  For  example,  2% 
castor  oil  in  admixture  with  Boveril®  formulation  in  the 
concentration  of  3  x  105  conidia/mL,  presented  mortality 
of  larvae  of  Plutella  xylostella  (Linnaeus,  1758) 
(Lepidoptera:  Plutellidae)  significantly  higher,  when 
compared  to  using  pure  fungus  (Rondelli  et  al.,  2011). 
However,  few  studies  evaluate  the  efficiency  of  emulsifiers 
as  B.  bassiana  protective  agents  in  H.  hampei  mortality 
under  field  conditions. 

Therefore,  the  present  study  aims  to  determine  the 
mortality  of  H.  hampei  in  the  field,  pre  and  post  application 
of  the  B.  bassiana  in  association  with  emulsifiers. 

II.  MATERIAL  AND  METHODS 

2.1  Study  sites 

The  study  was  conducted  in  three  coffee  farms,  in  the 
months  of  May  and  lune  2018. 

Assay  1.  Corrego  Fundo  site,  located  in  the 
municipality  of  Mimoso  do  Sul  (latitude  20°  95’  26.05”  S 
and  longitude  41°  60’  57.43”  W),  Espirito  Santo,  Brazil, 
altitude  of  850  m,  Cojfea  arabica  cultivar  ‘Catuai 
amarelo’,  with  15  years,  spacing  2.0  x  1.0  m,  average 
temperature  of  25  +  5  °C  and  relative  humidity  (RH)  of  70 
+  10% 


Assay  2.  Experimental  area  of  the  Instituto  Federal  do 
Espirito  Santo,  Campus  Alegre-ES,  located  in  the  Rive 
district,  (latitude  20°  45’  50”  S  and  longitude  41°  27’  25”), 
Espirito  Santo,  Brazil,  altitude  of  290  m,  Cojfea  arabica 
cultivar  ‘Catuai  amarelo’  with  15  years,  spacing  2.5  x  1.0 
m,  average  temperature  of  26+  5  °C  and  RH  of  60  +  10%. 

Assay  3.  Bom  Ver  site,  located  in  the  municipality  of 
Alegre,  (latitude  20°  52’  23,07”  S  and  longitude  40°  29’ 
8,76”  W),  Espirito  Santo,  Brazil,  altitude  of  700  m,  Coffea 
arabica  cultivar  ‘Catuai  vermelho’  with  12  years,  spacing 
2.5  x  0.6  m,  average  temperature  of  25  +5  °C  and  RH  of  65 
+  10%. 

2.2  Obtaining  the  fungus 

The  B.  bassiana  fungus  used  in  this  work  was  the 
ESALQ-PL63  isolated.  This  isolated  was  obtained  in 
acommercial  product,  Boveril®,  provided  by  the  company 
Koppert  Brasil  Ltda. 

2.3  Emulsifiers 

Two  emulsifiers  were  used.  The  first  one  was  the 
Arabic  gum,  polymer  of  D-glucuronic  acid,  L-raminose,  D- 
galactose  and  L-arabinose,  with  approximately  5%  protein. 
The  second  emulsifier  was  the  XI  (product  subject  to 
patent),  a  polyalcohol  derived  from  fruits. 

2.4  Obtaining  the  insects 

The  H.  hampei  adult  females  were  obtained  from  stock 
creation  at  the  Nucleus  for  Scientific  and  Technological 
Development  in  Phytosanitary  Management 
(NUDEMAFI),  Agronomic  Sciences  Center  at  the  Federal 
University  of  Espirito  Santo,  Alegre,  ES  (CCAE-UFES). 
These  insects  were  raised  in  plastic  boxes  (15  x  30  x  5  cm), 
containing  fruits,  occupying  only  one  side  of  the  box, 
getting  the  other  side  free  so  the  newly  emerged  coffee 
berry  borer,  when  leaving  the  grains.  So  that  they  could 
move  to  the  free  extremity,  for  insect  collection.  The 
collection  was  made  with  small  insect  suction,  adapted  to  a 
vacuum  pump  (Dalvi  &  Pratissoli,  2012). 

2.5  Solution  Preparation 

500  mL  distilled  water  was  added  in  a  Becker®  of  1  L. 
Right  after,  a  1.0%  (w/v)  arabic  gum  solution  was 
prepared,  with  subsequent  incorporation  of  1  g  of  B. 
bassiana  fungus  with  suspension  of  1x1012  conidia.mL-1. 
In  a  second  Becker®,  the  same  procedure  was  performed 
with  1.0%  XI  (w/v)  and  1  g  of  B.  bassiana  fungus.  The 
concentration  of  emulsifiers  was  obtained  from  preliminary 
compatibility  tests  with  the  B.  bassiana.  The  compatibility 
was  calculated  with  the  formula  proposed  by  Alves,  et  al. 
(1998)  to  classify  chemicals  according  to  their  toxicity  to 
entomopathogenic  fungi  in  vitro.  The  B.  bassiana's 
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concentration  was  used  according  to  the  manufacturer's 
recommendation. 

2.6  Product  application 

In  each  coffee  plant,  a  rosette  with  ripe  fruits  was 
selected,  on  both  sides,  leaving  five  fruits  in  each.  Two 
application  modes  were  performed:  coffee  berry  borer  pre 
and  post  release.  In  pre-application,  the  conidia  were 
pulverized,  with  the  emulsifiers  and  pure,  on  the  fruits  and 
after  30  minutes,  period  for  the  solution  to  dry,  the  rosette 
was  bagged  with  organza  fabric  (Fig.  IB),  and  then  the 
insects  were  released.  In  the  post  application,  five  coffee 
berry  borer  were  released  on  the  bagged  rosette,  and  after  a 
period  of  24  hours,  with  the  confirmation  of  the  insects  that 
entered  the  fruit,  the  conidia  were  applied  with  a  pre¬ 
compression  spray,  with  40  lb  pressure,  on  the  fruits  to  the 
point  of  dripping  (Fig.  1A).  After  each  application,  the 
spray  was  washed  with  distilled  water. 

The  experiments  were  conducted  in  randomized  blocks 
with  five  treatments  (T1  -  Arabic  gum  +  B.  hassiana ,  T2  - 
X1+  B.  bassiana ,  T3  -  Arabic  gum  +X1+  B.  bassiana ,  T4  - 
pure  B.  bassiana )  and  attestant  (Water)  with  two 
repetitions  per  treatment.  In  each  experiment  five  blocks 
were  used. 

The  field  coffee  berry  borer  mortality  evaluations  were 
performed  12  days  after  the  applications  (12  DAA).  The 
dead  insects  were  taken  to  the  NUDEMAFI  Entomology 
Laboratory  and  then  they  were  placed  in  a  humid  chamber 
and  incubated  in  a  type  Biological  Oxygen  Demand 
(B.O.D)  at  25  ±  2  °C,  80  +  5%  of  RH  and  phototase  of  12 
h,  for  10  days,  to  confirm  mortality  through  pathogen 
sporulation. 

The  data  were  subjected  to  analysis  of  variance  and  the 
means  were  compared  by  Tukey  test  at  5%  significance 
level  in  statistical  software  R  (ExDes.pt  package)  (R 
Development  Core  Team  2009). 

For  collecting  precipitation  data  (mm)  and  temperature 
(°C),  weather  stations  were  installed  in  the  areas,  where  the 
experiments  were  conducted. 

III.  RESULTS  AND  DISCUSSION 

Assay  1 

The  results  obtained  in  this  study  showed  no  interaction 
between  the  factors,  emulsifiers  and  application  pre  and 
post  release  of  the  coffee  berry  borer,  in  H.  hampei 
mortality. 

The  coffee  berry  borer  mortality  occurred  in  all 
treatments.  However,  the  treatments  showed  no  significant 
difference  among  themselves  (Table  1). 


In  the  different  application  modes  of  the  fungus,  pre¬ 
release  coffee  berry  borer  application  (PI)  presented  higher 
mortality  with  40.62%,  differing  statistically  (F39:32  = 
4.19;  p>0.005)  of  the  post-release  application  (P2),  which 
presented  a  mortality  of  29.99%  (Table  2). 

Assay  2 

The  factors  presented  significant  interaction, 
emulsifiers  and  application  pre  and  post  release  of  the 
coffee  berry  borer,  in  H.  hampei  mortality  (F39:32  =  2.99; 
p>0.005)  (Table  3). 

The  coffee  berry  borer  mortality  occurred  in  all 
treatments.  However,  the  treatments  in  both  modes  of 
application  did  not  differ  statistically  (Table  3). 

The  pre  and  post  coffee  berry  borer  applications 
presented  mortality  of  H.  hampei.  However,  only  at  T4 
there  was  a  statistical  difference.  In  this  treatment,  the  pre¬ 
release  application  of  insects,  with  mortality  of  48.88%, 
differed  statistically  from  post-release  application,  with 
17.77%  (F39:32  =  6.01;  p>0.005)  (Table  3). 

Assay  3 

The  factors  presented  significant  interaction, 
emulsifiers  and  application  pre  and  post  release  of  the 
coffee  berry  borer,  in  H.  hampei  mortality  (F39:32  =  33.32; 
p>0.005)  (Table  4). 

When  comparing  treatments,  within  application  modes, 
the  significant  difference  occurred  only  in  the  pre-release 
application,  in  which  mortality  in  T1  (4.77+1.25%) 
differed,  significantly,  with  lower  value  of  T4 
(30.43+12.39%)  (F39:32  =  38.88;  p>0.005)  (Table  4). 

When  comparing  application  modes,  within  treatments, 
the  significant  difference  occurred  only  in  Tl,  in  which  the 
post-release  application  of  insects  with  mortality  of 
23.91%,  differed,  significantly,  of  the  pre-release 
application,  with  4.77%  (F39:32  =  0.30;  p>0.005)  (Table 
4). 

The  emulsifiers  (Arabic  gum  and  XI),  in  mixture  with 
B.  bassiana  fungus,  did  not  show  better  coffee  berry  borer 
mortality  rates  in  relation  to  the  pure  B.  bassiana  fungus. 
These  results  suggest  that  the  Arabic  gum  and  XI  did  not 
increase  the  viability  of  conidia,  through  adverse 
environmental  factors,  mainly  UV  radiation,  since  the 
factors  temperature  and  humidity  were  in  favorable 
conditions  for  the  development  of  the  fungus.  The  UV  light 
is  one  of  the  determining  factors  in  the  viability  of  conidia 
(Rodrigues  et  al.,  2016;  Wraight  et  al.,  2018).  Laboratory 
studies  with  pure  conidia  subjected  to  different  radiation 
times,  showed  that  in  five  minutes  of  exposure  to  UV  light, 
with  an  irradiance  of  6153.3  mW.m-2  or  22.15  kJ.m-2.h-l, 
the  germination  was  52%,  while,  that  in  control  (without 
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radiation)  was  94%.  At  10  minutes  this  rate  dropped  to 
11%.  At  15  minutes,  dropped  to  1,0%  (Rodrigues  et  al., 
2016). 

Unprotected  conidia  of  Beauveria  are  unable  to  survive 
a  few  hours  of  direct  exposure  to  solar  radiation 
(Edgington  et  al.,  2000).  Another  factor  that  may  have 
influenced  the  survival,  without  emulsifiers,  was  the  fungal 
activity.  In  the  case  of  conidia,  this  action  can  be  delayed, 
once,  the  germ  tube  needs  to  break  the  emulsifier  barrier, 
which  leads  to  slower  action  (Rodrigues  et  al.,  2016). 

The  mode  of  application  of  the  fungus  is  one  of  the 
determining  factors  for  the  success  in  the  control  of  H. 
hanipei.  This  is  due  to  the  cryptic  behavior  of  the  insect. 
Because,  it  spends  most  of  the  life  cycle  inside  the  fruit; 
and  only  mated  females  go  out  to  seek  new  fruit  (Dalmon, 
2000). 

The  results,  obtained  in  the  present  study,  indicate  that 
in  general  the  application  of  the  fungus  pre-release  of  the 
coffee  berry  borer,  presented  higher  mortality  when 
compared  to  post-release  application.  In  the  field,  the 
contamination  of  the  insect  by  B.  bassiana,  when  the  body 
is  partially  inside  the  fruit,  it  must  to  the  presence  of 
conidia  in  the  fruit  (Mota  et  al.,  2017).  The  mortality  of  H. 
hampei  in  the  post-release  application  of  the  insect,  may 
have  occurred  due  to  the  behavior  of  the  coffee  berry  borer, 
that  right  after  making  the  hole  in  the  fruit,  back  to  the 
surface  to  deposit  the  drilling  material  (Samuels  et  al., 
2002). 

IV.  FIGURES  AND  TABLES 

Table  1.  Corrected  mortality  (%)  of  Hypothenemus  hampei 
in  Beauveria  bassiana  fungus  applications  associated  with 
emulsifiers  and  pure.  Corrego  Fundo  Site,  municipality  of 
Mimoso  do  Sul  -  ES,  average  temperature  of  25  ±5  °C,  RH 
of  70  +10  %  and  altitude  of 850  m. 


Treatments 

Averages 

T1  (Arabic  gum  +  B.  bassiana) 

39.58+16. 13a 

T2  (Xl+fi.  bassiana) 

36. 45+19. 91a 

T3  (Arabic  gum  +X1+  B.  bassiana) 

31.87+14.33a 

T4  (Pure  B.  bassiana) 

33.33+17. 15a 

*Averages  represented  by  the  same 

lowercase  letters  do 

not  differ  from  each  other  at  5%  probability  level  by  Tukey 
test. 


Table  2.  Corrected  mortality  (%)  of  Hypothenemus  hampei 
in  Beauveria  bassiana  fungus  applications  associated  with 
emulsifiers  and  pure,  pre  (PI )  and  post  (P2)  adults  release. 
Corrego  Fundo  Site,  municipality  of  Mimoso  do  Sul  -  ES, 
average  temperature  of  25  ±5  °C  and  RH  of  70  ±10  %  and 


altitude  of 850  m. 

Application  mode 

Averages 

PI  (coffee  berry  borer  pre-release) 

40. 62+17. 59a 

P2  (coffee  berry  borer  pos-release) 

29. 99+14. 05b 

*Averages  represented  by  the  same 

lowercase  letters  do 

not  differ  from  each  other  at  5%  probability  level  by  Tukey 
test. 

Table  3.  Corrected  mortality  (%)  of  Hypothenemus  hampei 
in  Beauveria  bassiana  fungus  applications  associated  with 
emulsifiers  and  pure,  pre  (PI)  and  post  (P2)  adults  release. 

Experimental  area  of  the  Instituto  Federal  do  Espi'rito 
Santo,  Campus  Alegre  -  ES,  average  temperature  of  26  ±5 
°C,  RH  of  60  ±10%  and  altitude  of 290  m. 


Application  mode 


Treatments 

PI  (pre¬ 
release) 

P2  (post¬ 
release) 

T1  (Arabic  gum  +  B. 

37. 77+18. 59Aa 

28.88+9.93Aa 

bassiana) 

T2  (Xl+fi.  bassiana) 

28. 88+12.66 Aa 

33.33+7.85Aa 

T3  (Arabic  gum 

35.55+12. 17Aa 

28. 88+18. 59Aa 

+X1+  B.  bassiana) 

T4  (Pure  B.  bassiana) 

48.88+9.93Aa 

17. 77+14. 90Ab 

*  Averages  followed  by  the  same  letters,  uppercase  in  the 
column  and  lowercase  in  the  row,  do  not  differ  from  each 
other,  at  5%  probability  level  by  Tukey  test. 


Fig.l.  A  -  Beauveria  bassiana  fungus  application 
associated  with  emulsifiers  on  the  fruits;  B  -  Coffee  berry 
borer  release  after  product  application;  C  -  Bagged  fruits 
with  organza  fabric. 
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Table  4.  Corrected  mortality  (%)  of  Hypothenemus  hampei 
in  Beauveria  bassiana  fungus  applications  associated  with 
emulsifiers  and  pure,  pre  (PI )  and  post  (P2)  adults  release. 

Si'tio  Bom  Ver  Site,  municipality  of  Alegre  -  ES,  average 
temperature  of  25  ±  5  °C,  RH  of  65  ±10  %  and  altitude  of 
700  m. 


Application  mode 

Treatments 

PI  (pre-release) 

P2  (post-release) 

T1  (Arabic  gum 
+  B.  bassiana ) 

4.77+1. 25Bb 

23.91+10.87  Aa 

T2  (XI +B. 
bassiana ) 

15.75+4.70ABa 

23. 91+13. 31Aa 

T3  (Arabic  gum 
+X1+  B. 

bassiana ) 

19.12+10.09  ABa 

21.51+12.1  lAa 

T4  (Pure  B. 
bassiana ) 

30.43+12. 39Aa 

18.18A+10.02Aa 

*  Averages  followed  by  the  same  letters,  uppercase  in  the 
column  and  lowercase  in  the  row,  do  not  differ  from  each 
other,  at  5%  probability  level  by  Tukey  test. 


Y.  CONCLUSION 

All  treatments  tested  showed  mortality  from  coffee 
berry  borer. 

The  emulsifying  agents  (Arabic  gum  and  XI)  in 
mixture  with  Beauveria  bassiana  fungus,  did  not  increase 
coffee  berry  borer  mortality. 

The  application  of  the  B.  bassiana  fungus,  in  the  pre¬ 
release  of  the  coffee  berry  borer,  increased  the  mortality. 
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